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1 Introduction
Important and often overlooked aspects in reforming social security are political link-
ages between di¤erent public expenditures. Education and social security are amongst
the most important public expenditures in most developed countries. The education
system to a large extent determines future human capital and is therefore crucial to
productive capacity. Social security bene…ts are a major form of redistribution in
most countries, taking in average 8.8 percent of the GDP in the member states of the
European Union in 2001 (OECD, 2004a). At the same time, public expenditures on
higher education took in an average of 1.4 percent of GDP (OECD, 2004b). These
systems interact in individual and political decision-making, as redistribution through
social security gives lower-productivity individuals a claim on the future productivity
of high-productivity individuals. Boldrin and Montes (2002) formalize public educa-
tion and pay-as-you-go social security as two parts of an intergenerational contract.
They assume identical voters inside each cohort and show that public education can be
maintained by linking it into a su¢ciently large social security system. Rangel (2003)
characterizes an implicit intergenerational contract on the provision of social security
and goods bene…ting younger generations, like education and environment, also focus-
ing on the case of identical individuals. Boldrin and Montes (2005) take a normative
perspective and show that when credit markets to …nance human capital are missing,
using lump-sum taxes to …nance public education and pensions can restore e¢ciency.
In the presence of productivity di¤erences, an implicit intergenerational contract on
…nancing higher education may su¤er from the time-consistency problem. The time-
consistency problem refers here to a situation in which some voters would strategically
vote for an alternative that they would not vote for with commitment, with an aim to
activate trigger strategies. Young high-productivity citizens may be prime bene…ciaries
from an intergenerational contract linking public education and social security bene…ts,
but they would like to see such a contract unravel after completing their education and
starting to work and pay taxes. Nonetheless, public education and social security have
emerged and persisted in the political process in all member states of the European
Union, and widely also elsewhere. In Austria, Denmark, Finland, Greece, Norway,
Poland and Switzerland, 100 percent of tertiary education is publicly …nanced.1 (OECD
2004c)
This paper suggests a median voter model that explains how social security and
public education can be maintained with repeated voting also in the presence of pro-
ductivity di¤erences. It also …nds that there can be multiple equilibria. If there are
multiple equilibria, then a higher provision of public education is always associated
with a higher wage tax rate. This suggests that even if redistribution through a social
security system causes dead-weight loss, it might still improve e¢ciency by resulting
1The share is at least 80 percent also in Belgium, the Czech Republic, France, Germany, Ireland,
Italy, Portugal, the Slovak Republic and Sweden. In Hungary, the Netherlands, Spain and the United
Kingdom the share of public …nancing is 70 to 80 percent. (OECD 2004c)
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in a more e¢cient provision of higher education.
The model economy has three overlapping generations of heterogeneous citizens.
The young either study or work. The middle-aged work either as educated or uned-
ucated labor. Workers divide their time between the o¢cial labor market and home
production, the latter generating endogenously a deadweight-loss arising from taxa-
tion. The elderly are retirees. The wage tax revenue is used to …nance both public
education for the young and social security bene…ts to the retirees. The analysis is
restricted to a linear taxation.2 Bene…ts are uniform, a simpli…cation which captures
the redistributive e¤ects of social security.3 The citizens vote simultaneously on the
wage tax rate and on the provision of public education. Voting on the wage tax rate
and on the provision of public education captures competing uses of tax revenue. For
instance, the elderly may bene…t also from public health care, …nanced out of the same
tax revenue as public education. With any given level of wage taxation, the elderly
would then prefer not to spend resources on education, but use resources on expendi-
tures bene…ting themselves. Following Rangel (2003) and Boldrin and Montes (2002,
2005), this paper analyzes the case in which all education is …nanced publicly.4
The paper is organized as follows. Section 2 reviews the related literature. Section
3 presents the model. Section 4 provides a complete characterization of the consumer
behavior for given levels of policy parameters. Section 5 is divided in two parts. The
…rst part analyzes the economy when voting takes place with commitment to maintain
the outcome during the lifetime of all voters. The second part generalizes all the results
to an economy with repeated voting, and reports what type of implicit intergenera-
tional contract solves the time-consistency problem when voting is repeated. Section
6 concludes.
2 Related Literature
The interaction between social security and public education in the political process
has received surprisingly little attention in economics literature. Pogue and Sgontz
(1977) argued that the pay-as-you-go social security system provides a more powerful
incentive for the current working age generations to invest in the human capital of
younger generations compared to a fully-funded social security system. By giving the
current generation a stake in future production, it encourages the elderly to support
such investments. Becker and Murphy (1988) suggest interpreting social security as
2Voting equilibrium may not be established by general non-linear taxation because of the possibility
of Condorcet cycles.
3Miles and Timmermann (1999) report that the gross replacement rate was more than 10 percentage
points higher for low-income workers in Belgium, Denmark, France, Greece, Ireland, Luxembourg, the
Netherlands, Spain, Sweden and the United Kingdom in 1997.
4Boldrin and Montes (2002, 2005) also solve for a private investment equilibrium but only in the
case where there are no borrowing constraints, and no taxation. Also in this paper, private investment
in education would be e¢cient if there are no borrowing constraints and there is no taxation.
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intergenerational trade: children repay the public education they have received in old-
age bene…ts. However, they do not study whether such an arrangement would be
sustainable in the political process, which is the focus of this paper. Konrad (1995)
presents an overlapping generations model in which the older generation controls the
political process. He argues that the elderly have an incentive to provide education
and public infrastructure in order to increase social security tax revenue used to …nance
their bene…ts.
Rangel (2003) and Boldrin and Montes (2002) formalize public education and pay-
as-you-go social security as two parts of an intergenerational contract, and Boldrin and
Montes (2005) develop the same idea from a normative perspective. In their models,
all citizens inside each cohort are identical. To the best of my knowledge, there are no
studies analyzing public education and social security arising from majority voting in
the presence of ex ante visible productivity di¤erences inside each cohort.
When policy space is multidimensional and voters may have preferences which are
not single-peaked, Condorcet winners need not exist. However, the political process
always imposes some restrictions on decision-making. Shepsle (1979) shows that in-
cluding the voting rules can generate a structure-induced equilibrium even when un-
restricted voting would not result in a Condorcet winner. A structure-induced equi-
librium is a point in the policy space which is invulnerable in the sense that with
given institutional rules, there is no su¢cient majority to change it. In this paper,
the institutional structure imposed on political decision-making process is that citi-
zens vote simultaneously on two issues. For example, there could be a Swiss-style
referendum in which each citizen votes on each issue. Building on earlier contribu-
tions by Shepsle (1979), Cooley and Soares (1999), Boldrin and Rustichini (2000) and
Conde Ruiz and Galasso (2003), this paper identi…es conditions under which public
education and social security can be maintained, with repeated voting, by an implicit
intergenerational contract relying on subgame perfect voting strategies without com-
mitment. The solution concept with repeated voting is stationary subgame perfect
structure-induced equilibrium, developed by Conde Ruiz and Galasso (2003). This no-
tion combines structure-induced equilibrium in a voting system with commitment to
an implicit intergenerational contract.5
Cooley and Soares (1999) assume a trigger strategy, specifying that the voting out-
come converges to a complete abolition of the social security system in the case of the
result in one period di¤ering from the subgame perfect equilibrium with a once-and-for-
all voting. In their example, voters make a binary choice on whether to maintain social
security. In the framework of this paper with continuous choice, a threat strategy spec-
5A related concept developed to study repeated majority voting is the notion of a Dynamic Con-
dorcet Winner, developed by Bernheim and Nataraj (2002). They assume in…nitely-lived agents.
Using the same framework, Nataraj (2002) considers dividing a …xed surplus with overlapping genera-
tions. This paper is more general than Nataraj (2002) in endogenizing the surplus arising from public
education and in allowing for ability di¤erences, while Nataraj (2002) is more general in allowing for
arbitrary divisions of the …xed pie between all cohorts.
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ifying that any deviation is punished by abolition of social security would not always
maintain the subgame perfect equilibrium, resulting from voting with commitment,
when there is instead repeated voting. The reason for this is that the high-productivity
young citizens might …nd it optimal to deviate. When voting with commitment, they
would prefer a lower wage tax rate than the median voter. By voting for a higher rate
than the median voter, they would change the identity of the median voter. In this
way, they would cause an upward deviation, triggering an elimination of wage taxation
and public education.
In a similar way, a problem of deliberate deviations in the …rst period of life to
undermine the equilibrium do not arise in Kotliko¤ et al. (1988), Boldrin and Rusti-
chini (2000) and Conde Ruiz and Galasso (2003) as they model only two overlapping
generations. When the young generation is going to be retired in the following pe-
riod, even young citizens losing from social security over their whole lifetime have no
incentive to abandon it in the following period. Furthermore, this issue would not
arise in the absence of heterogeneity with three overlapping generations either, as the
median voter would then always be middle-aged. Thus the time-consistency problem
is not present in the contributions by Rangel (2003) and Boldrin and Montes (2002)
as they assume that all voters are identical.6 In this way, repeated voting with three
overlapping generations and heterogeneity poses qualitatively more complex challenges
to reputational mechanisms than are present with two overlapping generations, with
or without heterogeneity, or three overlapping generations without heterogeneity. This
paper contributes to former literature in this …eld by suggesting a trigger strategy
solving these problems.
3 The Model
3.1 The Economy
The focus of the analysis is a small open economy, facing a time-invariant world interest
rate ?. There is no migration. Production in period ? depends on the e¤ective supply
of labor services, denoted by ??, and of physical capital ??. Note that as capital is
perfectly mobile, the stock of physical capital does not depend on domestic saving.
Total production in the economy is given by Cobb-Douglas production function ?? =
?????
1¡?
? . Without loss of generality, capital does not depreciate. All markets are
competitive, and therefore pro…t maximization implies that
?? = ????¡1? ?
1¡?
? ? ? = (1¡ ?)?????¡?? ?
6With identical voters inside each cohort and three overlapping generations of equal size, no single
voter or a group of voters smaller than a half of a cohort could cause a deviation. With a continuum
of types, even a single individual could cause a deviation.
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The expression for ? follows from international mobility of capital. Solving for ?? and
inserting it into the expression for ?? yields
?? = ?
µ
1¡ ?
?
¶1¡?
?
?
1
? ?
Even though the production technology combines the e¤ective labor supply and
physical capital, the wage rate for a unit of e¤ective labor does not depend on the
total labor supply. This is due to the international mobility of physical capital. This
time-invariant wage rate is from now on normalized to unity.
3.2 The Citizens
Individuals di¤er in two dimensions: age and productivity. There are three overlapping
generations in each period: the young, the middle-aged and the elderly. There are
two distinct career paths. Those who become educated study as young and work as
middle-aged. Those who remain uneducated work both as young and as middle-aged.
Both the educated and the uneducated are retired in the third period of their life.
Education in this model corresponds to higher education, and it is provided publicly.
Like Boldrin and Montes (2005), this paper assumes that consumption as young does
not enter utility, and that the young cannot borrow to …nance their investment in
human capital. The government has access to entrance examinations which allow it
to screen applicants to higher education. While not used in all countries, entrance
examinations or results from baccalaureate or other tests are commonly used to select
those who are admitted. The length of each period is one.
During their working life, individuals divide their time between work in the o¢cial
labor market and untaxed home production.7 We denote the amount of time that
worker ? devotes to home production by ??, implying that time spent in the o¢cial
labor market is 1¡??. The marginal productivity is constant in the o¢cial labor mar-
ket, but the marginal productivity in home production is diminishing. The marginal
productivity in home production is equal to the marginal productivity in the o¢cial
labor market, multiplied by 1 ¡ ??
2
. As the length of both working periods is one,
this formulation implies that the marginal productivity in the home production equals
the marginal productivity in the o¢cial labor market when no time is spent in home
production, then steadily declining until it reaches one half of the productivity in the
o¢cial labor market in case all time is spent in home production.
Citizens di¤er in their stock of human capital. The level of human capital in case
of receiving higher education is denoted by variable ?, labelled ability for simplicity. A
citizen who remains uneducated has ?1 units of human capital as young and ?2 units
7Untaxed home production may also take form of working in ordinary production and evading
taxes. Here the assumption corresponding to the declining marginal productivity in home production
would be that an increasing fraction of time spent in tax-evading work goes to avoiding detection.
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as middle-aged, independently of ability. The wage tax rate in period ? is denoted by
? ? and the lump-sum social security bene…ts are given by ??. Similar to Boldrin and
Montes (2005), preferences are given by a well-behaved utility function
? = ?
¡
?????+1) + ??(?
?
???+2
¢
? (1)
where ?????+1 is consumption as middle-aged and ?????+2 is consumption as old for an
individual ? who is young in period ?.8 To simplify subsequent analysis, it is assumed
that the individual discounting corresponds to discounting in the …nancial market,
so that ? = 1
1+? . The time individual ? who is young in period ? spends in home
production as young (middle-aged) is denoted by ????? (?????+1). The individual lifetime
budget constraint is for an individual ? who is young in period ? and remains uneducated
????? = (1¡ ? ?)(1¡ ?????)?1 + ?????(1¡
?????
2
)?1, (2)
?????+1 = (1¡ ? ?+1)(1¡ ?????+1)?2 + ?????+1(1¡
?????+1
2
)?2 + (1 + ?)????? ¡ ?????+1 (3)
?????+2 = ??+2 + (1 + ?)?
?
???+1? (4)
The equation (2) reports that the saving in the …rst period consists of after-tax
income from work in the o¢cial labor market and the income from home production,
which is the product of time spent in home production, ?????, and marginal productivity
in home production, (1¡ ?
?
???
2
)?1. (3) reports consumption in the second period. The
…rst two terms on the right-hand side are after-tax income from work in the o¢cial
labor market and income from home production as middle-aged, the third term is the
value of savings from the previous period, and the last term saving made as middle-
aged. The …rst term on the right-hand side of (4) is social security bene…t, and the
second term the value of private assets. If the citizen with ability ?? becomes educated,
the lifetime budget constraint becomes
?????+1 = (1¡ ? ?+1)(1¡ ?????+1)?? + ?????+1(1¡
?????+1
2
)?? ¡ ?????+1 (5)
?????+2 = ??+2 + (1 + ?)?
?
???+1? (6)
The budget constraint of those who become educated is simpler as they don’t work,
and thus don’t earn income, in the …rst period. In each period, there are three overlap-
ping generations, each of unit mass. Citizens are heterogeneous in their ability. The
individual-speci…c ability variable follows in each period the same distribution in an
interval, ? 2 [0? ?).9 The density function of ? is ? (?) and its cumulative distribution
function is ? (?).
8Allowing consumption in the …rst period would not change the results, as shown in the previous
version of this paper which is available as IZA DP 1408.
9Assuming that there are no citizens with ability ? simpli…es the notation in section 5. Voting for
an ability threshold ? is there equivalent to voting for a zero provision of public education.
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3.3 The Government’s Budget Constraint
The government’s tax revenue in any given period depends on the educational status of
the middle-aged cohort, on how many of the young are going to work and on individual
labor supply decisions. Denote the ability threshold above which citizens became edu-
cated in period ? ¡ 1 by e??¡1, so that the current ability threshold is correspondinglye??.10 The government’s wage tax revenue is given by
??(e??¡1?e??? ? ?) = ? ?(1¡ ?????)? (e??)?1
+? ?(1¡ ?????)? (e??¡1)?2
+? ?
R ?
?=e??¡1(1¡ ?????(?))??(?)???
(7)
The …rst term gives the tax revenue received from the young who remain unedu-
cated, the second term gives the tax revenue from the middle-aged uneducated and
the third term gives the tax revenue from the middle-aged educated. The …rst two
terms take into account that as all citizens who remain uneducated are identical, they
choose the same time allocation between work in the o¢cial labor market and home
production. The third term allows the labor supply of the middle-aged educated to
depend on their productivity.
In each period, the government uses its tax revenue for two purposes: …nancing
public education and …nancing bene…ts for the elderly. The marginal cost of providing
public education is constant ?. Therefore, the cost of providing public education to the
young above ability threshold e?? is in period ?
(1¡ ? (e??))??
For simplicity, it is assumed that ? ¸ ??1. The results can easily be generalized to
? ? ??1 as outlined in footnote 13. Social security bene…ts can be solved as a function
of ? ?, e??¡1, and e??:
??(e??¡1?e??? ? ?) = ??(e??¡1?e??? ? ?)¡ (1¡ ? (e??))?? (8)
Financing education from the tax revenue used to …nance social security bene…ts
instead of having separate tax rates for the two captures the idea of competing uses
for the tax revenue. It is not required that ?? ? 0. If ? ? = 0 and education is publicly
…nanced, ?? would be negative by the government’s budget constraint. However, it
turns out that in equilibrium, ?? is never negative. The …rst (second) argument of
??(e??¡1?e??? ? ?) refers to the ability threshold in period ?¡ 1 (?).
10This ability threshold is either the politically decided minimum ability required to enter the higher
education or the minimum ability with which an individual would like to enter higher education,
whichever is higher. Section 5 shows that in all equilibria, the politically decided minimum ability
required to enter the higher education is higher than the minimum ability with which an individual
would like to enter higher education.
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4 Consumer Behavior
Citizens have a double role in the economy. As consumers, they decide on their labor
supply and savings behavior, taking as given wage tax rate and expected social security
bene…ts. As voters, they vote on wage tax rates and public provision of education,
taking into account how the political equilibrium a¤ects their utility. In this section,
we solve for the choices of individual consumers, then proceeding into voting behavior
in the next section.
By (1), (2), (3), and (5) workers choose their time allocation between work in the
o¢cial labor market and home production to maximize the sum of their after-tax labor
income. The young uneducated and the middle-aged uneducated and the middle-aged
educated all choose the same time allocation, given by
????? = ????? = ?
?
???(?) = ? ?? (9)
By (9), the time allocated to home production is increasing in the wage tax rate.
Inserting this into ??(e??¡1?e??? ? ?) we …nd that with given education choices, the gov-
ernment’s tax revenue …rst increases and then decreases in the wage tax rate, reaching
maximum with ? ? = 12 .
Both the educated and the uneducated choose their saving as middle-aged to max-
imize their lifetime utility. With given expectation for the bene…t in the following
period, ??+2, the …rst-order condition reads for both the educated and the uneducated
who are young in period ? as
¡?0(?????+1) + ?(1 + ?)?0(?????+2) = 0?
By ?(1 + ?) = 1, the saving as middle-aged is for those who remain uneducated
?????+1 =
(1¡ ? ? + ?
2
?
2
)(1 + ?)?1 + (1¡ ? ?+1 + ?
2
?+1
2
)?2 ¡ ??+2
2 + ?
(10)
and for those who become educated
?????+1 =
(1¡ ? ?+1 + ?
2
?+1
2
)?¡ ??+2
2 + ?
(11)
Saving is used to equalize consumption across the two periods. As long as the
lifetime income of the educated is higher than the lifetime income of the uneducated,
the educated save more as middle-aged. Also, the educated save more the higher their
productivity.
The decision on whether to accept public education is based on whether this results
in a higher net present value of lifetime income. Taking into account (9), a young
citizen ? would like to accept higher education, if o¤ered, in case
(1¡ ? ?+1 + ?
2
?+1
2
)??
1 + ?
¸ (1¡ ? ? + ?
2
?
2
)?1 +
(1¡ ? ?+1 + ?
2
?+1
2
)?2
1 + ?
? (12)
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If the wage tax rate is expected to remain the same, that is ? ?+1 = ? ?, this condition
simpli…es as
?? ¸ (1 + ?)?1 + ?2.
As middle-aged individuals can save and borrow freely at the exogenous interest
rate to smooth their consumption over their lifetime, the Fisher Separation Theorem
applies. Optimal individual choices by a consumer can be characterized by a two-step
optimization problem: one where individuals …rst decide whether to receive education
if this is o¤ered to them and then decide how to allocate their time between work in the
o¢cial labor market and home production and a second one where, for a given expected
lifetime income, individuals choose their utility-maximizing intertemporal consumption
pro…le by borrowing and lending as middle-aged in the perfect capital market. (12),
(9), (10) and (11) provide a complete characterization of the consumers’choices for
given levels of policy parameters.
5 Political Equilibria
5.1 Voting with Commitment
Political decisions are made by issue-by-issue direct democracy. Voting takes place
simultaneously on the wage tax rate and on the provision of public education. This
subsection analyzes voting when each generation assumes that the ? ? and e?? chosen
will be in place over its whole lifetime. Therefore, there is commitment to maintaining
the voting outcome for at least three periods. Assume that voting takes place once in
three periods. The next subsection generalizes the results to the case in which voting
takes place in each period.
When voting on the wage tax rate (the provision of education), citizens have to
make a conjecture on the outcome of voting on the provision of education (the wage
tax rate). With rational expectations, the outcome of the voting game validates these
conjectures. Voting is costless and all citizens vote in each policy dimension. When
voting with commitment, all citizens vote for their preferred alternative, while with
repeated voting, citizens may vote strategically in a di¤erent way than they would vote
with commitment in order to activate a trigger strategy to change the policy in the
next period. Clearly, the two voting mechanisms may then lead to di¤erent outcomes.
Assuming a simultaneous majority vote on the two issues generates a structure-induced
equilibrium11:
De…nition 1 A structure-induced equilibrium in voting with commitment to maintain-
ing the voting outcome in period ? also in periods ?+1 and ?+2 is, with a given provision
11An alternative to simultaneous voting would be voting separately and sequentially over each
dimension. In case of analyzing sequential voting, assumptions made on the timing of the choices may
a¤ect political outcome.
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of education in the previous period, e??¡1, such a pair of b?? and b? ? that:
(i) when citizens expect that the provision of education chosen will be b??, b? ? is a Con-
dorcet winner when voting on the wage tax rate
(ii) when citizens expect that the wage tax rate chosen will be b? ?, b?? is a Condorcet
winner when voting on the provision of education.
With commitment, b??+2 = b??+1 = b??, b? ?+2 = b? ?+1 = b? ?. Then future social security
bene…ts are given generally by ??+1 = ??+2(e???e??? ? ?), and in equilibrium by12
??+1 = ??+2(b???b???b? ?)? (13)
The same value of e?? which maximizes social security bene…ts with a given ? ? in the
following period, maximizes social security bene…ts with the same ? ? in period ? + 2.
For the old voting in period ?, however, social security bene…ts are given by (8), taking
in equilibrium value
??(e??¡1?b???b? ?) = ??(e??¡1?b??? b? ?)¡ (1¡ ? (b??))?? (14)
It is worth emphasizing the double role of individuals. As citizens, they vote for
the ? and e? they would prefer, given the conjecture they make on the equilibrium in
voting in the other dimension. As consumer-producers, they take the voting outcome
as given, choosing time allocation according to (9). The citizens vote in order to
maximize the net present value of their current and future incomes. With perfect
capital markets between the middle-age and the old-age, this maximizes their utility
by Fisher’s Separation Theorem. Denote the value of the sum of the current and future
after-tax wage income, value of home production and transfers for a citizen of age ?, ?
being ? for the young, ? for the middle-aged and ? for the old, by ? ?. For the young
citizens, ? ? depends on the individual’s own ability ?, the provision of education e??
and the wage tax rate ? ?. In case of becoming educated, ?
?
? is given by
? ?? (??e??? ? ?) = (1¡ ? ? + ?2?2 )?1 + ? + ??+2(e???e??? ? ?)(1 + ?)2 ? (15)
whereas for those who remain uneducated, it is:
? ?? (??e??? ? ?) = (1¡ ? ? + ? 2?2 )?1 + (1¡ ? ? +
?2?
2
)?2
1 + ?
+
??+2(e???e??? ? ?)
(1 + ?)2
? (16)
The …rst argument in ? ?? (??e??? ? ?) is the individual ability, the second argument
is the ability threshold and the third argument is the wage tax rate. The preferred
12A "hat" denotes the equilibrium outcome of a variable, while ? ? and e?? denote any possible values
for the wage tax rate and the ability threshold above which citizens receive higher education. In period
?, b?? and b? ? refer to the expected equilibrium outcomes arising from the political process, while e??¡1
is the threshold ability level that was in place in the previous period.
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provision of education and wage tax rate for a young citizen with ability ? are given
by13
e??? (??b? ?) = arg maxe??2[0??]? ?? (??e???b? ?) (17)
? ?? (??b??) = arg max
??2[0?1]
? ?? (??b??? ? ?)? (18)
These reaction functions specify the preferred choice in one dimension conditional
on the equilibrium outcome in the other dimension.
For the middle-aged, ? ?? is given by
? ?? (??e??¡1?e??? ? ?) = (1¡ ? ? + ? 2?2 )?2 + ??+1(e???e??? ? ?)1 + ? (19)
for those with ? ? e??¡1 and
? ?? (??e??¡1?e??? ? ?) = (1¡ ? ? + ? 2?2 )?+ ??+1(e???e??? ? ?)1 + ? (20)
for those with ? ¸ e??¡1. Note that both the current ability threshold and the one from
the previous period enter the value function for the middle-aged.
The preferred provision of education and wage tax rate for a middle-aged citizen
with ability ? are given by
e??? (??e??¡1?b? ?) = arg maxe??2[0??]? ?? (??e??¡1?e???b? ?) (21)
??? (??e??¡1?b??) = arg max
??2[0?1]
? ?? (??e??¡1?b??? ? ?)? (22)
The presence of the term e??¡1 captures the e¤ect of past education policy on the
current political preferences. Middle-aged citizens with ? ? e??¡1 (? ¸ e??¡1) are une-
ducated (educated). Nonetheless, the optimal provision of education preferred by the
middle-aged is, independently of whether they are educated or not, such that solv-
ing arg maxe??2[0??] ??+1. This results as the only motivation for the middle-aged to support
public education is to increase their future retirement bene…ts.
The value function for the elderly is given by
? ?? (??e??¡1?e??? ? ?) = ??(e??¡1?e??? ? ?)¡ (1¡ ? (e??))?? (23)
13Note that if ? ? ??1, then citizens with ? ? (1 + ?)?1 + ?2 would not want to receive public
education in case this would be o¤ered to them. The model could be solved in this case by replacinge?? 2 [0? ?] in (17), (21) and (24) by e?? 2 [(1+?)?1 +?2? ?]. This would be without loss of generality as
choosing e?? below (1+?)?1 +?2 would result in the same take-up of education on the part of potential
students as choosing e?? = (1 + ?)?1 + ?2.
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As in case for the middle-aged, both the current ability threshold and the one in
the previous period enter the value function of the elderly. Therefore, the preferred
provision of education and wage tax rate for any elderly citizen are given by
e??? (??e??¡1?b? ?) = arg maxe??2[0??]? ?? (??e??¡1?e??? ? ?) (24)
? ?? (??e??¡1?b??) = arg max
??2[0?1]
? ?? (??e??¡1?e??? ? ?)? (25)
The elderly oppose any provision of public education, thereby voting for e?? = ?.
They lose from public education both directly as the …nancing of public education
competes for the same tax revenue as social security bene…ts, and indirectly as more
public education implies that a greater part of the young do not work. All the bene…ts
from public education accrue only after the elderly have died. Even though the young
have non-monotonic preferences concerning the provision of public education, it is
possible to establish that:
Lemma 1 In any structure-induced equilibrium, the provision of education is chosen
in order to maximize the future social security bene…ts, and is given by
b?? = ?1 + ?2 + ?b? ?(1¡ b? ?) ? (26)
All young citizens with ? ¸ b?? strictly prefer to receive public education, rather than
remain uneducated.
Proof. Proof is given in the Appendix.
Lemma 1 proves that the participation constraint for citizens having to be willing
to receive higher education if it is o¤ered them is never binding in an equilibrium.
Introduce next notation
??+1(b??) = ? (b??)?1 + ? (b??)?2 + Z ?
?=b?? ??(?)??? (27)
(27) gives the sum of the average productivity of the young and that of the middle-
aged in the o¢cial labor market in periods ? + 1 and ? + 2, in case e?? = e??+1 = b??.
Introduce also the following notation: the tax rate preferred by a young citizen with
ability ? who remains uneducated (becomes educated) is ? ????(??b??) (? ????(??b??)), and
the tax rate preferred by the middle-aged citizen with ability ? who is uneducated
(educated) is ?????(??e??¡1?b??) (?????(??e??¡1?b??)). The tax rate preferred by an old citizen
is ? ?? (??e??¡1?b??¡1).
We can next derive
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Lemma 2 Under conjecture e?? = b??, the preferred tax rates are given by
? ????(??b??) = max(0? ??+1(b??)¡ (1 + ?)2?1 ¡ (1 + ?)?22??+1(b??)¡ (1 + ?)2?1 ¡ (1 + ?)?2 ) when ? ? b??
? ????(??b??) = ??+1(b??)¡ (1 + ?)?2??+1(b??)¡ (1 + ?)? when b?? · ? ? ??+1(b??)1 + ?
? ????(??b??) = 0 when ? ¸ ??+1(b??)1 + ?
?????(??e??¡1?b??) = max(0? ??+1(b??)¡ (1 + ?)?22??+1(b??)¡ (1 + ?)?2 ) when ? ? e??¡1
?????(??e??¡1?b??) = ??+1(b??)¡ (1 + ?)?2??+1(b??)¡ (1 + ?)? when e??¡1 · ? ? ??+1(b??)1 + ?
?????(??e??¡1?b??) = 0 when ? ¸ ??+1(b??)1 + ?
??? (??e??¡1?b??¡1) = 12 ?
Proof. Proof is given in the Appendix.
The preferred tax rates of those who vote for a positive tax rate are increasing in
??+1(b??) and decreasing in the interest rate ?. We can next prove
Lemma 3 In any structure induced equilibrium (b???b? ?), the preferred tax rates voted
for by the di¤erent groups satisfy ? ?? (??e??¡1?b??¡1) ? ?????(??e??¡1?b??) ¸ ? ????(??b??) ¸
? ????(b???b??). Furthermore, ? ????(??b??) = ?????(??e??¡1?b??) 8? and ????????(??b??) ? 0 8? with
which ? ????(??b??) ? 0.
Proof. Follows by simple calculus from the expressions in Lemma 2.
Lemma 3 reports that the middle-aged uneducated prefer higher taxes than the
young uneducated, and these prefer higher tax rate than any citizen who becomes
educated. Those young yet to be educated and those middle-aged who are already
educated vote for the same wage tax rate, if they have the same abilities.
The existence of a structure-induced equilibrium with a voting with commitment
does not guarantee that repeating voting in period ? + 3 would produce the same
outcome. In other words, it is conceivable that some ability distributions would result
in voting cycles. If voting in period ?+ 3 would result in the same outcome as voting
in period ?, then the voting outcome in period ? is a steady-state outcome: once the
economy is in it, repeated voting every three periods perpetuates this outcome. De…ne
De…nition 2 A combination of (b???b? ?) is a steady-state structure-induced equilibrium
(SSSIE) if it is a structure-induced equilibrium when e??¡1 = b??.
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This de…nition is written for the initial condition e??¡1 rather than for the voting
outcome in period ? + 3 to highlight that a steady-state outcome arises if the ability
threshold associated with this outcome is a …xed point in the political process. In other
words, a steady-state structure-induced equilibrium is such that voting results in the
same ability threshold as was the initial condition when the voting took place. Note
that if voting outcome (b??? b? ?) is a steady-state structure-induced equilibrium from
period ? onwards, it is so also from period ?¡ 1 onwards.
In a SSSIE the outcome of the voting would not change even if the ballot were un-
expectedly repeated already before the third period after the previous vote.14 Whether
there is a SSSIE depends on the distribution of ?, as well as on ?1, ?2, ? and ?. The
possible SSSIE are given by
Proposition 1 If (b???b? ?) is a steady-state structure-induced equilibrium, then the me-
dian voter on both ?? and ? ? is, with e??¡1 = b??,
(i) a middle-aged uneducated citizen if ? (b??) ¸ 12 ;
(ii) a young citizen who remains uneducated if 1
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· ? (b??) ? 12 ;
(iii) a young citizen who becomes educated and a middle-aged educated citizen whose
ability ???? is given by ? (????) = 14 if ? (b??) ? 14.
Proof. Proof is given in the Appendix.
Proposition 1 implies
Corollary 1 Even with three cohorts of the same size, the median voter may be a
young citizen.
Proposition 1 does not exclude a possibility of multiple equilibria. Whether there
are multiple equilibria or not depends on the distribution of ability, and on ?1, ?2, ?
and ?:
Proposition 2 There may but need not be multiple equilibria.
Proof. Proof is given in the Appendix.
Proposition 2 demonstrates that a given ability distribution may support di¤erent
equilibria, depending on initial conditions. Even when there are multiple equilibria, it
is possible to establish a relative ranking of tax rates and public provision of education
in these:
Proposition 3 If there are two steady-state structure-induced equilibria (b?1? ?b?1? ) and
(b?2? ?b?2? ), then b?1? ? b? 2? implies b?1? ? b?2? .
14Note that the policy conclusions do not rely on the assumption that voting would take place only
once in every three periods. These are just simplifying steps to derive the results with repeated voting
in the following subsection.
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Proof. By Lemma 2 and Lemma 3 and Proposition 1, b? 1? ? 12 and b?2? ? 12 . Thenb? 1? ? b? 2? implies that 1b?1? (1¡b?1? ) ? 1b?2? (1¡b?2? ) , as ??? ?(1 ¡ ? ) ? 0 when 0 ? ? ? 12 . By (26)
this implies that b?1? ? b?2? .
The result of Proposition 3 is intuitive: As public education receives majority sup-
port only when it increases the social security bene…ts, the number of students educated
is increasing in the public stake in returns to education.
5.2 Repeated Voting
This subsection analyzes an economy in which voting on e? and ? takes place in every
period. The equilibrium is now maintained by an implicit intergenerational contract
supported by a suitable trigger strategy, instead of by commitment. Repeated voting
without commitment generates a time-consistency problem in a sense that an individual
voter could deviate, with repeated voting, from voting for his or her preferred choice
in case with commitment with an attempt to activate a trigger strategy by such a
deviation. Note that individual preferences change over lifetime also when voting with
commitment. This is not a time-inconsistency issue, and the political equilibrium
speci…ed does not rely on any citizen voting against his or her current preferences.
Instead, the potential time-consistency problem is related to the commitment to a
constant policy parameter in an implicit intergenerational contract, and the fact that
with repeated voting, some citizens may strategically deviate from voting for what
would be their preferred choice in case of commitment.
Conde Ruiz and Galasso (2003) introduce the notion of a stationary subgame perfect
structure induced equilibrium.15 They apply subgame perfection to the notion of a
structure-induced equilibrium introduced by Shepsle (1979). Agents vote according to
a stationary subgame perfect strategy pro…le. A strategy for an individual is a mapping
from the history of the voting outcomes to the wage tax rate ? ? and the provision of
public education e?? that the individual votes for, and is subject to ? ? 2 [0? 1] ande?? 2 [0? ?]. Let ??? be the voting strategy pro…le over ? ? and e?? of all individuals
belonging to generation ? in period ?. Here ? can be either ? (young), ? (middle-aged)
or ? (old). As the realized income of the middle-aged depends on the provision of
education in the previous period, their voting strategy is denoted by ??? (e??¡1) to make
explicit that their voting strategy in period ? depends on the provision of education in
period ?¡1. Denote the …rst period when the game is played and when the equilibrium
strategy may be established, with the education of the middle-aged corresponding
to the long-run equilibrium, by 0. The history of the game at period ?, ??, reports
those combinations of e? and ? chosen in all previous periods starting from ? = 0:
15Conde Ruiz and Galasso analyze simultaneous voting on the tax rate and early retirement provi-
sions. They restrict the decision on early retirement provisions to a binary choice between full bene…ts
or no bene…ts at all, whereas this paper analyzes a two-dimensional policy space with a continuum of
alternatives in both dimensions.
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?? = f(e?0? ? 0)? (e?1? ?1)? ???? (e??¡2? ? ?¡2)? (e??¡1? ? ?¡1)g when ? ? 0. The set of all possible
past outcomes at time ? is denoted by ??. The following formal de…nition is taken,
with slight modi…cations, from Conde Ruiz and Galasso (2003):
De…nition 3 A voting strategy pro…le ? = f(??? [ ??? [ ??? )g1?=0 is a stationary subgame
perfect structure-induced equilibrium (SSPSIE), if the following conditions are satis…ed:
(i) ? is a subgame perfect equilibrium.
(ii) At every period ?, the equilibrium outcome associated with ? is a structure-
induced equilibrium of the static game with commitment.
(iii) In any period and for any history, ?? 2 ??, the sequence of equilibrium out-
comes induced by ? is constant.
Conde Ruiz and Galasso (2003) assume a trigger strategy, specifying that the voting
outcome converges to a complete abolition of the social security system in the case of
the result in one period di¤ering from the subgame perfect equilibrium with a once-and-
for-all voting. In an intergenerational game with public provision of education, such
a threat strategy would not always maintain the subgame perfect structure-induced
equilibrium, resulting from voting with commitment, when there is instead repeated
voting. The reason for this is that the high-ability young citizens with higher than
average income would like to have wage taxation eliminated after they have completed
their education.
With a threat strategy demanding a zero wage taxation following any deviation,
the young expecting to pay more in taxes than they receive back in social security
bene…ts may …nd it optimal to deviate. When voting with commitment, they would
prefer a lower wage tax rate than the median voter. By voting for a higher wage tax
rate than the median voter, they would change the identity of the median voter in
regime (iii) of Proposition 1. In this way, they would cause an upward deviation in
wage taxation during their youth when they do not pay taxes, triggering an elimination
of public expenditures in the following period when they would otherwise pay taxes.
Thus, the trigger strategy by Conde Ruiz and Galasso would not allow maintaining
social security and public education with repeated voting. This results from the time-
consistency problem that the high-ability young citizens face. However, there is a
trigger strategy which allows the outcome of voting with commitment to be maintained
also with repeated voting. This is:
De…nition 4 In the implicit intergenerational contract voting strategy (IICVS) related
to an equilibrium (b??b?), a citizen ?, who prefers e???(b? ) and ? ??(b?) when voting with
commitment, votes for this provision of education and wage tax rate in period ? = 0,
as well as in period ? ? 0, provided that the history for the previous periods satis…ese?? = b? 8? 2 f0? 1? ???? ?¡1g and ? ? ¸ b? 8? 2 f0? 1? ???? ?¡ 1g. If these conditions are not
satis…ed, the citizen votes for the ? ? and e?? he or she preferred in period ?, assuming that
the (other) young and middle-aged citizens no longer vote for a positive wage tax rate
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due to the collapse of the implicit intergenerational contract. The individual-speci…c
superscript ? captures both age and ability.
IICVS states that any other deviation from the intergenerational contract except
for a deviation to a higher wage tax rate leads to the break-down of the intergener-
ational contract. Once the trust in the maintenance of the intergenerational transfer
institutions is lost, they will collapse. If voting in some period would produce a higher
wage tax rate than in the equilibrium, then the IICVS speci…es that this does not
violate the contract. Neither does it give a reason for changing the e? and ? speci…ed
by the contract. Intuitively, working generations are not punished by an abolition of
future social security if their voting would lead to paying higher social security bene…ts
than speci…ed by the contract.16 This strategy supports a SSSIE also with repeated
voting:
Proposition 4 Any steady-state structure-induced equilibrium which would exist when
voting with commitment can be maintained also in repeated voting as a stationary
subgame perfect structure-induced equilibrium.
Proof. Proof is given in the Appendix.
Proposition 4 shows that all results derived in the previous subsection for a steady-
state structure-induced equilibrium hold also when voting is repeated in each period.
Therefore, any implicit intergenerational contract on public education and social secu-
rity bene…ts which could be implemented with commitment can be maintained also with
repeated voting. A suitably formulated trigger strategy solves the time-consistency
problem on the part of the high-income young citizens. Repeated voting may sustain
multiple equilibria, characterized in Proposition 1. As Proposition 3 reports, equilibria
associated with higher tax rates are also associated with a wider provision of public
education.
6 Conclusion
This paper has analyzed simultaneous voting on the wage tax rate and investment in
public education when the young face borrowing constraints. The part of the tax rev-
enue which is not used to …nance public education is distributed to the elderly as social
security bene…ts. When voting, citizens choose an optimal policy in each dimension,
the wage tax rate and the provision of public education, subject to a conjecture of the
16An alternative trigger strategy would specify that all agents vote for e? = ? and ? = 0 if the
contract has been violated in the previous period. While this would lead to the same outcome as
the IICVS, voting for e? = ? is weakly dominated by voting for any e? 2 [0? ??] for the young with
?? ? (1 + ?)?1 + ?2. Likewise, for the elderly voting for ? = 0 is weakly dominated by voting for
the rate of ? which maximizes the wage tax revenue for the social security bene…ts. With IICVS, no
citizen votes for a weakly dominated strategy.
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outcome in the other dimension. This paper generalizes the results from previous liter-
ature, most notably Rangel (2003) and Boldrin and Montes (2002, 2005), by allowing
productivity di¤erences inside each cohort. The presence of productivity di¤erences
also implies that the median voter may be young, even when the three generations are
of the same size.
Productivity di¤erences introduce time-consistency problem in the presence of re-
peated voting, in case an implicit intergenerational contract is supported by a trigger
strategy which punishes any deviations by a collapse of the implicit intergenerational
contract. The high-productivity young citizens could strategically misrepresent their
preferred tax rate in the …rst period by voting for a higher tax rate than the median
voter, even if they would vote for a lower tax rate if voting with commitment. They
would do this to cause a deviation and activate the trigger strategy, rendering the
implicit contract time-inconsistent. This can be avoided by a trigger strategy which
punishes any deviations from the equilibrium public provision of education, and pun-
ishes also downward deviations from the equilibrium wage tax rate. A key mechanism
to solve the time-consistency problem is that the implicit intergenerational contract
speci…es that upward deviations in the wage tax rate are not punished.
The basic model presented in this paper could be extended in several ways. Assum-
ing a population growth rate would leave propositions 2, 3 and 4 unchanged. Naturally,
the population growth rate would change the ability thresholds resulting in di¤erent
equilibria in proposition 1. A more substantive change would be to introduce un-
certainty on the lifetime or on realized income, or to allow parents to have altruistic
motivations towards their children. Another topic for further research would be to
develop a computational general equilibrium model and use that to estimate the po-
litical equilibria that the model would predict in di¤erent countries. This would allow
calculating a measure of the redistributive impact of the equilibrium policies, and it
would also allow welfare comparisons between alternative steady-states. It would also
allow testing the theory empirically. Running simple correlations between wage taxa-
tion and expenditures on public education as a share of GDP does not allow testing the
theory, as it does not take into account country-speci…c di¤erences in the productivity
of labor or productivity distribution. Furthermore, it would be desirable to allow for
a possibility that labor supplied by the educated and that supplied by the uneducated
could be complements in production. These and other possible extensions are left for
future research.
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Appendix
Proof of Lemma 1.
By (7), (8), (15) and (17)
e??? (??b? ?) = ?1 + ?2 + ?b? ?(1¡ b? ?) (28)
for those young with ? ¸ e??? (??b? ?) and for those with ? · ?1(1 + ?) + ?2. Those young
with the ability between these values vote either for this same ability threshold or for
their own ability level as threshold, whichever would give them higher utility. The
young never vote for a lower ability level than (28) as if they would, then they could
increase the value of their old-age bene…ts by switching to this level. By (7), (8), (19),
(20) and (21), the preferred choice of all the middle-aged is given by
e??? (??b? ?) = ?1 + ?2 + ?b? ?(1¡ b? ?) ? (29)
By (7), (8), (23) and (24), the elderly vote for e??? (??b? ?) = ?. As the right-hand sides of
(28) and (29) are identical, and the elderly (who are one third of the population) vote
for a higher and none of the young for a lower cuto¤ level of ability, this is the median
voter choice. Note that there is no single median voter; rather, the coalition consists of
all the middle-aged and at least those young with ? ¸ e??? (?? b? ?) or ? · ?1(1 + ?) + ?2.
An individual with ability ? is willing to receive higher education if and only if this
results in higher after-tax income, that is
(1¡ b? ? + b? 2?
2
)
?
1 + ?
¸ (1¡ b? ? + b? 2?
2
)(?1 +
?2
1 + ?
)? (30)
By assumption ? ¸ ??1, any ? higher than (or equal to) e??? implied by (28) satis…es
(30). Therefore, all citizens for whom public education is available prefer to receive it.
Proof of Lemma 2.
Insert (9) into (7) and then the resulting expression into (8). Then insert (27). By
(13), ??+1 = ??+2 = ? ?(1¡ ? ?)??+1 ¡ (1¡ ? (b??))?. Insert this into (15), (16), (19), and
(20). The solutions for ? ????(??b??) and ? ????(??b??) follow from the …rst-order conditions
of (18), subject to the the non-negativity constraint, and those for ?????(??b??¡1) and
?????(??b??¡1) follow, respectively, by the …rst-order conditions of (22). The solution for
the elderly follows by maximizing (25), using (7), (9) and (14).
Proof of Proposition 1.
As the provision of education chosen is given by Lemma 1 and is that preferred
by the claimed median voter in each regime, it su¢ces to analyze voting on the wage
tax rate. By Lemma 2, the middle-aged uneducated prefer higher taxes than the
young uneducated, and these prefer higher taxes than anyone who is going to become
educated. Furthermore, the preferred tax rate of the educated is declining in their
ability and is the same whether they are young or middle-aged. With mass of each
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cohort normalized to unity, note that in scenario (i) the elderly and the middle-aged
uneducated alone form more than half of the population. In scenario (ii), the elderly
and the middle-aged uneducated alone are not enough to form a majority. Together
with the young uneducated, they form the majority. In scenario (iii), the elderly and
the uneducated are not alone in majority. As the young to be educated and the middle-
aged educated prefer the same tax rate with the same ability, the median voter is a
citizen with ability ????, whether young or middle-aged.
Proof of Proposition 2.
In each tentative equilibrium, the equilibrium tax rate can be solved from Lemma 2
and Proposition 1 given the assumption on the provision of education. This tentative
equilibrium tax rate can then be inserted into (26) to verify whether the associated
ability threshold is consistent with the initial assumption on who becomes educated.
Assume …rst that 30 percent of population have ? = 1?7, 40 percent have ? = 1?5 and
30 percent have ? = 0?8, and that ?1 = 0?1, ?2 = 0?8, ? = 0?1, and ? = 0?1. There
are three SSSIE. In the …rst one, both citizens with ability level 1?7 and those with
ability level 1?5 receive education, and ? ? = 0?215. In the second one, only citizens with
ability level 1?7 receive education, and ? ? = 0?186. In the third equilibrium, no citizen
receives education, and ? ? = 0?022. In the …rst equilibrium, the median voter is a young
citizen who remains uneducated, and in the second and third equilibria, a middle-aged
uneducated. Assume next that 30 percent of population have ? = 2, 40 percent have
? = 1?8 and 30 percent have ? = 0?8, and that ?1 = 0?5, ?2 = 0?5, ? = 0?1, and ? = 0?1.
Now the only equilibrium which exists is the one in which citizens with ? = 2 and
? = 1?8 become educated. Inserting the tentative equilibrium tax rate associated with
the other equilibria into (26) shows that the associated ability threshold violates the
initial assumption on who becomes educated.
Proof of Proposition 4.
Assume that (b??b? ) is a SSSIE with voting with commitment. It is su¢cient to prove
that with IICVS, the citizens either do not want to deviate or if they would like to
deviate, then their deviation does not change the outcome of the voting in a way that
would result in the collapse of the intergenerational contract. The elderly have clearly
no interest in deviating from voting for the ? and e? which would maximize their current
social security bene…ts. Neither do the middle-aged have any incentive to deviate from
the ? and e? they would prefer with commitment. A deviation downward in the wage
tax rate or the provision of education would only result in them losing their social
security bene…ts in the following period. The young uneducated, on the other hand,
already vote for the e? and ? that would maximize their lifetime utility, so they have no
incentive to deviate. As for the young citizens who are going to become educated, they
are in any case in minority when voting on the provision of education, so any deviation
in that dimension by them would have no e¤ect on the voting outcome. When voting
on the wage tax rate, the young who are going to lose from income redistribution would
prefer to have the wage taxation and public provision of education abolished in future.
However, they are already voting for a lower wage tax rate than the median voter, so
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that any deviation downward would not a¤ect the outcome of the voting. The only way
in which the young who prefer a lower wage tax rate than that preferred by the median
voter can change the outcome of voting is by voting for a higher wage tax rate than that
preferred by the median voter. By the de…nition of IICVS, a deviation upward would
not cause the abolition of wage taxation and public provision of education. Therefore,
the young who will become educated cannot gain anything by deviating from voting
for their preferred wage tax rate with voting with commitment. The threat point of
the voting equilibrium (?? 0) following a punishable deviation is also a subgame perfect
Nash-equilibrium. If the young and the middle-aged expect that social security bene…ts
will not be maintained in the future, they have no interest in maintaining them after
a deviation. This implies that the middle-aged would join the elderly in opposing any
investment in public education. The elderly would still vote for ? ? 0 and the young
whose ability exceeds (1 + ?)?1 + ?2 for e? ? ?, but both are in minority.
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